REVISICHAS 
DESCRPTION 


PRODUCTION RELEASE 
REVISED PER ECO 880077 


"og ОСИ REVISED PER ECO 880093 


This specification describes the requirements for an N-Channel HMOS DMA Controller. 
The IC device described herein shall produce,in a 68000 microprocessor environment, 


DMA addresses using a RAM Address Generator and a Register Address Encoder. This 
device shall contain 25 DMA channel. controllers that include tne Blitter, Bitplane, 
Copper, Audio, Sprites, Disk and Memory Refresh. 


APPLICATIGH 
' NEXT ASSY. 


ThejlC'shall accept a 28.375 . MHz crystal clock for the purpose of generating 7:16 
MHz and 3.55 МН2 system clocks, dynamic RAM interface for addressing up to опе (1) 
megabyte of memory and PAL 'video synchronization pulses. 


Refer to Figure 1 for Pin Configuration, Figure 2 for IC Block Diagram and Table 1 
for Pin Description. This ІС de e shall be equivalent to an 8371. 
Refer to Table 2 for Register Addresses. 


1.1 CONFIGURATION 


This IC device shall 

be configured in a : 
standard, 84-pin plastic 
chip carrier package. 


FIGURE 1 
CONFIGURATION 
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FIGURE 2 - BLOCK DIAGRAM 
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TABLE 1 - PIN DESCRIPTION 


PIN PIN SIGNAL 
NAME NUMBER DIRECTION DESCRIPTION 


А19-А1 59 thru 77 IN Address bus - Al to A8 are used by the 
processor to select the internal registers 
and put an address code on the RGA lines 
to select registers outside the device. 


The processor uses Al to А18 to generate 
multiplexed DRAM addresses on the MA outputs. 
The А19 line is used to indicate which RAS 
line is activated. If А19 is high RASl* is 

. : asserted; if low, RASO* is asserted. 


RD15-RDO 1 thru 14 1/0 This data Биз is buffered and is used by 
and 83 & 84 ' the processor to access the device 
` registers. Тһе data bus is also 
' accessed during DMA operations. 
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TABLE 1 - PIN DESCRIPTION (CONT'D) 


Active low. This input is the processor 
address strobe signal. When asserted, it 
indicates that the address lines (Al to А19) 


Active low. When this signal is asserted 
along with AS*, the processor uses Al_to 
AB to access one of the device registers or 
put a value on the RGA outputs to select 
registers outside the device. 


Active low. When this signal is asserted 
together with AS*, the processor is doing 

a DRAM access. The processer supplies 

an address on the Al to А18 inputs and the 
device multiplexes this address onto the MA 
outputs; during the same cycle, the processor 
controls the Al9 line to select one of the 


This signal defines the data bus transfer as 
а read or write cycle to memory. The signal 
is only enabled when the processor is under- 
going a DRAM access. A low on this signal 

signifies a processor write cycle to memory; 
a high indicates a processor read cycle from 


The device controls this signal to indicate 
either a DMA or processor DRAM read/write 
access. In both cases, a low on this line 
indicates a write operation and a high 
indicates a read operation. 


Output bus. This 9 bit output bus provides 
multiplexed addresses to DRAMs. This bus 
operates in two cycles. The first cycle 
provides the DRAMs with the row address; 

the second cycle with the column address. It 
includes full 256K addressing for use with 


. 256КХ1 DRAMS. Тһе IC only activates this 


bus when the processor is doing a DRAM access 
(RAMEN* is low) or when the device itself is 
performing a DMA data transfer (DBR* is low). 
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RGEN* 23 IN 
RAMEN* 25 IN 
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PRW 22 IN 
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TABLE 1 - PIN DESCRIPTION (CONT'D) 


PIN PIN SIGNAL 

NAME NUMBER DIRECTION DESCRIPTION 

LDS* 52 IN Active low. This input is the processor lower 
data strobe. ТЕ is enabled only during a 
processor DRAM access and forces the IC to 
assert CASL*.to select the lower 256K memory bank] 

UDS* 53 IN ° Active low. This input is the processor 


upper data strobe. ,It is enabled only 
during a processor DRAM access and forces 
the IC to assert CASU*to select the upper 256K 
memory bank. 
CASL* 54 . OUT Active low. This output strobes the column 
* address into the DRAMs and corresponds to 
the low byte of the data word. 


CASU* 55 OUT Active low. This output strobes the 
: column address into the DRAMs and corresponds 
to the high byte of the data word. 


RASO* 57 OUT ° Active low. This output is used to strobe 
А the row address into the DRAMs. This signal 
will be asserted only if the processor is 
doing a DRAM access and А19 is low or if 
' the IC is performing a DMA cycle (DBR* is 
low). RASO* corresponds to the lower 512K 
bytes of memory. 


RAS1* 56 H OUT Active low. This output is used to strobe 
2 the row address into the DRAMs. This signal 
will be asserted only if the processor is 
doing a DRAM access and А19 is high. The 
Signal will not be asserted when the device 
is doing a DMA cycle. RAS1* corresponds to 
the upper 512K bytes of memory. 


DBR* 20 ойт Active low. Тһе device asserts this signal 
‘to indicate that a DMA cycle is underway. 
The device performs DMAs only on the lower 
512K bytes of memory when DBR* is low 
and RASO* is asserted. The only 
excéption is when the device performs 
a DRAM refresh, in which case RASO*, RAS1* 
and DBR* are all asserted. The device will 
also assert both CASL* and CASU* during 
 DMAs except on a DRAM refresh cycle. 
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TABLE 1 - PIN DESCRIPTION (CONT'D) 


PIN PIN SIGNAL | 
МАМЕ NUMBER DIRECTION DESCRIPTION 


RGA8-RGAl 26 thru 33 ойт "s Output bus. The 8 bit output bus allows the 
К device and the processor to access registers 
located outside the device. 


HSY* 81 1/0 This line is bidirectional and buffered. This 
signal is the horizontal synchronization 
pulse and is PAL compatible. When set as an 
input, an external video source drives this 
signal to synchronize the horizontal beam counter. 


vsy* 79 1/0 This line is bidirectional and buffered. This 
signal is the vertical synchronization pulse 
and is. PAL compatible.When set as an input, 
an external video source drives this signal 
to synchronize the vertical beam counter. 


CsY* 80 OUT This signal is the composite video synchroniza- 
tion pulse and is PAL compatible. 


LP* 78 IN Active low. This input is used to indicate 
when the light pen is coincident with the 
monitor beam. 


RST* 18 IN Active low. This input will initialize the 
, device to a known state. 


INT3* 17 ойт Active low. Тһе device asserts this line 
i to indicate that the blitter has completed 
the requested data transfer and that the 
.blitter is then ready to accept another task. 


DMAL 18 IN Active high. When this signal is enabled, it 
indicates that an external device 15 requesting | 
audio and/or disk DMA cycles to be executed 
by the device. 


BLS* 19 IN А А i 
р Active low. When this line is asserted, the 


device will suspend its blitter operation 
and allows the processer to have control 
of the cycle. 


28MHZ 34 IN This is a 28.375MHz input clock that provides 
the master time base for the device. This 
clock is enabled only when XCLKEN* is high. 
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TABLE 1 - PIN DESCRIPTION (CONT'D) 


This input is an alternate master clock 

to the device. It is enabled when XCLKEN* 
is low. This input is used to synchronize 
the device with an external video source. 


This input is used to select the master 
clock to the device. If it is high, the 
28MHz input is enabled; if low, the XCLK 


This signal is a clock, which is obtained 
after dividing the 28.375MHz clock by 
eight. 


This clock is the CCK clock shifted by 


This clock is obtained after dividing the 
28MHZ clock by four. 


This clock is obtained after inverting the 
7MHZ clock and shifting it by 90 degrees. 


' Active high. When this signal is asserted 


it disables the processor cycle and the 
8371 internal registers can be accessed 
on every CCK clock cycle. 


PIN PIN SIGNAL 
NAME NUMBER DIRECTION DESCRIPTION 
XCLK 35 IN 
XCLKEN* 36 IN 
is enabled. 
CCK 40 OUT 
CCKQ 39 QUT 
90 degrees. 
7MHZ 38 OUT 
CDAC* 37 ойт 
ТЕ5Т 41 ІМ 
hid SOURCES 


Refer to the Approved Vendors List for approved sources. 
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2.0 ELECTRICAL PARAMETERS 


2.1 ABSOLUTE MAXIMUM RATINGS 


2.2 OPERATING CONDITIONS 


referenced to Vgg = 0.0V. 
CONDITION 


2.2.1 Supply Voltage (Усс) 
2.2.2 Free Air Temperature 


2.3 D.C. CHARACTERISTICS : 
CHARACTERISTIC . SYMBOL 


2.3.1 Input High Level Vih 
2.3.2 Input Low Level Vil 
2.3.3 Output High Level Voh 
2.3.4 Output Low Level Vol 
2.3.5 Input Leakage тїп 
2.3.6 Output Leakage Ilkg 
2.3.7 Supply Current lee 
2.3.8 Capacitance Cpin 


& commodore. 


Stress above those listed may cause permanent damage to the device. 
This is a stress rating only. Functional operation of the device at 
these or any other conditions above those indicated in the operational 
sections of this specification is: not implied. 


CHARACTERISTIC MIN 
2.1.1 Ambient Temperature =25° 
under Bias 

2.1.2 Storage Temperature -65° 
2.1.3 Applied Supply Voltage -0.5 
2.1.4 Applied Output Voltage -0.5 
2.1.5 Applied Input Voltage -2.0 
2.1.6 Power Dissipation -U 


All electrical characteristics are specified over the entire range of 
operating conditions, unless specifically noted. All voltages are 


MAX UNITS 
+125° с 


+150° 
+7.0 
55.5 
+7.0 
1.5 


<<<о 


MIN MAX UNITS 
4.75 5.25 у 
0 70 °с 
MIN MAX UNITS CONDITIONS 
ao МЕЕ sy - 
-0.5 %0.8 у - 
*2.4 - у Toh=300uA 
- 0.4 ‘У Іо1=4.8пА 
-10 +10 vA. 0.0V«VincVcc 
-10 20 uA -4V«Vout«2.4V 
= 200 mA Outputs open 
= 10 рЕ - 
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2.0 ELECTRICAL PARAMETERS (CONT'D) 


2.4 A.C. CHARACTERISTICS И 

Refer to Figure thru for waveform diagrams. 

CLOCK RELATIONS (Refer to Figure 4) 

SYMBOL MIN MAX UNIT 

2.4.1 28MHz clock cycle А ` t28MC 34.57 35.27 ns 
2.4.2 28MHz clock high 2 t28MHi 12.0 22.9 ns 
2.4.3 28MHz clock low t28MLo 12.0 22.9 ns 
2.4.4 CCK clock cycle tcyc 260 290 ns 
2.4.5 ССК clock high А tch 130 150 ns 
2.4.6 CCK clock low tel 130 150 ns 
2.4.7 CCK-CCKQ clock separation tcq 65 75 п5 
2.4.8 7MHz clock cycle е t7MC 130 150 ns 
2.4.9 7MHz clock high i t7MHi 65 75 ns 
2.4.10 7МН2 clock low t7MLo 65 75 пз 
2.4.11 7MHz-CDACQ clock separation t7MQ 30 40 ns 
2.4.12 CCK to 7MHz delay К tc7M 0 15 ns 
2.4.13 CCKQ to 7MHz delay tQ7M 0 15 ns 
2.4.14 Clock rise time tr 0 10 ns 
2.4.15 Clock fall time tf 0 10 ns 

PROCESSOR ACCESS (Refer to Figure 5) 

` SYMBOL MIN MAX UNIT 

2.4.16 Address input setup time tAddins 45 -. ns 
2.4.17 Address input hold time taddinh 30 260 ns 
2.4.18 Processor access control и 

setup time taccs 10 E ns 
2.4.19 Processor access control 

hold time 2. tacch 0 220 п5 
2.4.20 Access to address , 

invalid delay i taccad 30 - ns 
2.4.21 Processor CAS access 

setup time Ерсв 10 =. ns 
2.4.22 Processor CAS access 

hold time EPER 10 270 ns 
2.4.23 Data input setup time tdins 50 - ns 
2.4.24 Data input hold time tdinh 0 = п5 
2.4.25 Reset input setup time tresch 50 - ns 
2.4.26 Reset input hold time А tchresh 50 - ns 
2.4.27 Data Strobe Pulse Width tps 115 = ns 
2.4.28 


Write Pulse Width twe 45 - ns 
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2.0 ELECTRICAL PARAMETERS (CONT'D.) 
' 2.4 A.C. CHARACTERISTICS (Cont'd.) 
DEVICE ACCESS (Refer to Figure 5) 
1 . SYMBOL MIN MAX UNIT 
2.4.27 ССК low to DBR valid 
prop time tcldbr 0 120 ns 
2.4.28 CCKQ high to RAS low 
prop time tcqrl 7 18 ns 
2.4.29 CCKQ low to RAS high 
prop time tcqrh 28 38 ns 
2.4.30 RAS precharge time н А 
prop time . "trp 100 105 ns 
2.4.31 CCK low to CAS low 
prop time teckel - 6 ns 
2.4.32 CCK high to CAS high 
prop time tckch = 6 ns 
2.4.33 RAS address setup time trass 0 - ns 
2.4.34 RAS address hold time trash 15 = ns 
2.4.35 CAS address setup time tcass 0 - ns 
2.4.36 CAS address hold time tcash 25 - ns 
2.4.37 CCKQ low to RGA valid 
prop time Ы tqlrgao - 110 ns 
2.4.38 CCK low to RGA invalid 
prop time tclrgaoh 10 - ns 
2.4.39 CCKQ high to Data valid 
prop time 4 tqhdo 0 150 ns 
2.4.40 CCK high to Data invalid 
prop time tchdoh 0 85 пз 
2.4.41 ССК high to Early read 
Data prop time tchedo 0 125 ns 
2.4.42 Write command setup time twes 0 = ns 
5 = ns 


2.4.43 Write command hold time twch 4 


MISCELLANEOUS (Refer to Figure 6) 


SYMBOL MIN MAX UNIT 
2.4.44 LP*, DMAL input setup time tiasch 50 - ns 
2.4.45 LP* input hold time tchiah 50 - ns 
2.4.46 DMAL input hold time tchdmalh 15 - ns 
2.4.47 BLS* input setup time tiascl 50 - ns 
2.4.48 BLS* input hold time tcliah 50 - ns 
2.4.49 VSY*, INT3* output prop time tchob 10 110 ns 
2.4.50 CSY*, HSY* output prop time tcob 0 110 ns 
2.4.51 VSY*, HSY* input setup time tibdsch 30 - пз 
2.4.52 VSY*, HSY* input hold time tchibh 30 = ns 
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FIGURE 3 
CLOCK RELATIONS 
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FIGURE 5 
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FIGURE 6 
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3.0 MECHANICAL REQUIREMENTS 
MARKING 


S.L 


3.2 


commodore 


Parts shall be marked with Commodore part number, manufacturer's 
identification and EIA date' code. . The device shall be rejected 
if EIA date code indicates an age of three (3) years or more. 
Pin No. 1 shall be identified. Refer to Figure 8 for the 
dimensions of the 84 pin. plastic square chip..Dimensions are 
shown in English units. 


FIGURE 8 - CHIP PACKAGE DIMENSIONS 
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PROCESS QUALIFICATION TESTS 


Integrated Circuits supplied to the requirements of this specification 
shall also meet the requirements of the latest revision of Commodore 
Engineering Policy Instruction No. 1.02.008. Support documentation 
shall be made available by the supplier upon request. 
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4.0 , MODES OF OPERATION ` + 


4.1 GENERAL 


This device із an address generator type IC. Its main function is 
аз а RAM address generator and register address encoder that shall ~ 
produce all DMA addresses from 25 channels. 


The block diagram (Figure 2) for this device shows the DMA control 
and address bus logic. The output of each controller indicates the 
number of DMA channels driving the Register Address Encoder and 
RAM Address Generator. 


The Register Address Encoder is a simple PLA type of structure that 
shall produce a predetermined address on the RGA bus whenever one 
of the DMA channels is active. 


The RAM Address Generator contains an 18 bit pointer register for 
each of the 25 ОМА channels and also contains pointer restart 
(backup) registers and jump registers for six (6) of the channels. 
A full 18 bit adder carries out the pointer increments and adds 
for jumps. 


The priority control logic looks at the pipelined DMA requests from 
each controller and stages the DMA cycles based upon their 
programmed priority and. sync counter time slot. Then it signals 
“the processor to get off the bus by asserting the DBR line. 

The following is a brief description of the device's major 
operational modes. 


4.2  BLITTER 


The procedure for-moving апа combining bit mapped images in 

memory received the name Bit Blit from a computer instruction 

that did block transfers of data on bit boundaries. These routines 
became known as Bit Blitters or Blitters. Тһе Blitter ОМА 
Controller is preloaded with the address and size of three (3) 
source images (A, B, and C) and one (1) destination (D) in the 
dynamic RAM (Refer to Figure 4). These images can be as small 

ав a single character or as large as twice the screen size. They 
can be full images or smaller windows of a larger image. The actual 
pixel resolution is controlled by the BLTSIZE register which contains 
10 bits for the image height (10 bits - 1024 dots max) and 6 bits 
for the image width (6 bits = 64 words = 1024 pixels max). 

After one word of each soürce image is sequentially loaded into the 
source buffer (A, B, C) they are shifted and then combined 

together in the logic unit to perform image movement overlay, 
masking, and replacements. The result is captured in the 
destination buffer (D) and sent back to the RAM memory destina- 
tion address. 

This operation is repeated until the complete image has been 
processed. The unit has extensive pipelining to allow for 

shifter and logic unit propagation time, while the next set 

of source words is being fetched. 
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А control registerdetermines which of 256 possible logic 
operations is to be performed_as the source images are combined 
and how far they are to be moved ' (Barrel shifted). In addition 
to the image combining and movement powers, the Blitter can be 
programmed to do line drawing or area fill between lines. 


FIGURE 9 - BLITTER. BLOCK DIAGRAM M vri 
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4.3 BITPLANE ADDRESSING 


9 


Some computer bitmap displays are organized so that the bitplanes for 
each pixel are all located within the same address. This is called 
pixel addressing. If the entire data word of one address is used 
for a single pixel with 8 bit planes, the data word will look like 
this. (numbers are bitplanes): 
12345678- 
The data compression can be improved by packing more than one pixel 
into a single address like this: 
1234567812345678 
or like this, if there are only 4 bitplanes: 
1234123412341234 


The IC device uses a bitmap technique called Bitplane Addressing. 
This separates the bitplanes in memory. To create a 4 plane 
(16 color) image, the bitplane display DMA channels fetch from 
4 separate areas of memory like this: :1111111111111111 
" —— 2222222222222222 
3333333333333333 
4444444444444444 
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These are held іп buffer registers and are used together as pixels, 
one bit at a time, by the display (left to right). 


This technique allows reduced odd numbers of bitplanes (such 
as 3 or 5) while maintaining packing efficiency and speed. It 
also allows grouping bitplanes into 2 separate images, each 
with independent hardware high speed image manipulation, line 
draw, and area fill. 


4.4 DMA CHANNEL FUNCTIONS 


Each channel has an 18 bit RAM address pointer that is placed 

on the MA memory address.bus and is used to select the location 
of the DMA data transfer from anywhere in 256K words (512K bytes) 
of RAM. 


An eight (8) bit destination address is simultaneously placed 
on the register address bus (RGA), sending the data to the 
corresponding register. 

Figure 10 shows a typical DMA channel and almost all channels have 
RAM as source and chip registers as destination. 


_ FIGURE 10 - DMA CHANNEL (TYPICAL) 


SOURCE | DEST 
AodMEss. RGA 
80895 | ea 


ia эт з віт 
RAM ADDRESSIKEGADORESS 
POINTER ENCODER. 


DMA CHANNEL CONTAOLLER| 


The pointer must be preloaded and is automatically incremented 
each time a data transfer occurs. 


Each controller utilizes one or more of these DMA channels for its 
own purposes. The following is a brief summary of these controllers 
“and the DMA channels they use. 


Refer to Appendix A of this specification for raster line time 
allocation for each of these DMA channels. 
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A-Blitter (4 Channels) 


The Blitter uses four (4) DMA channels, three (3) sources and 
one (1) destination as previously described. 


Once the Blitter has been started, the four (4) DMA channels 

are synchronized and pipelined to automatically handle the data 
transfers without further processor intervention. The images are 
manipulated in memory, independent of the display (bitplane DMA). 


B-Bitplane(Six (6) Channels) 

The bitplane controllercontinuously (during display) transfers 
display data from memory to display buffer registers. There 
are six (6) DMA channels to handle the data from six (6) 
independent bit planes. .The buffers convert this bitplane data 
into pixel data for the display. 


Each bitplane can be a full image or a window into an image 
that is up to four (4) times the screen size. They can be 
grouped into two (2)-separate images, each with its own 
color registers. 


C-Copper (One (1) Channel) 


The Copper is a co-processor that uses one of the DMA channels 
to fetch its instructions. Тһе DMA pointer is the instruction 
counter: and must be preloaded with the starting address of 
Copper's instructions. 


The Copper can move (write) data into chip registers. It can skip, 
jump, and wait (halt). These simple instructions give great 
power and flexibility because of. the following features. 


When the Copper is halted, it is off the data bus, using no 

bus cycles until the wait is over. The programmed wait value 

is compared to a counter that keeps track of the TV beam position 
(Beam Counter) and when ‘they are equals the Copper will resume 
fetching instructions. 


It can cause interrupts,reload the color registers, start the 
Blitter or service the audio. Те can modify almost any register 
inside or outside the IC device, based on the TV screen coordinates 
Biven by the Beam Counter and the actual address encoded on the 

АСА bus. 


D-Audio (Four (4) Channels) 


There are four (4) audio channels, all of which are located 
outside of the DMA Controller IC. Each controller is independent 
and uses one DMA channel from the DMA Controller IC and fetches 
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its data during a dedicated timing slot within horizontal 
blanking. This is accomplished by a controller asserting the 
DMAL input on the DMA Controller. ` 


E-Sprites (Eight (8) Channels) 


There are eight (8) independent Sprite controllers, each with 

its own DMA channel and its own dedicated time slot for DMA 

data transfer. Sprites are line buffered objects that can move 
very fast because their position is controlled by hardware registers 
and comparators., 


Each Sprite has two (2) 16 bit data registers, located outside the device, 
that define а 16 pixel wide Sprite with four (4) colors. Each has а 
horizontal position register (also located outside the device), a vertical 
start position register, aqnd a vertical stop position register. This allows 
variable vertical size sprites. 


The Sprite DMA controller fetches image and position data automatically from 
anywhere in 512K of memory. . 


Sprites can be run automatically in DMA mode or they can be loaded and 
controlled by the microprocessor. 


Each Sprite can be reused vertically as often as desired. Horizontal 
reusing is also possible with microprocessor control. 


F-Disk (One (1) Channel) 


The disk controller, which is located outside of the DMA controller, uses 
a single DMA channel from the device. The controller uses this DMA time 
slot for data transfer and can read or write a block of data up to 128K 
anywhere in 512K of memory. 


G-Memory Refresh (Опе (1) Channel) 


The refresh controller uses a single DMA channel with its own time slots. 
It places RAS addresses on the memory address bus (MAs) during these 
slots, in order to refresh the dynamic RAM. Memory is refresh on every 
raster line. 


During the DMA no data transfer actually takes place. The register 
address bus (RGA) is used to supply video synchronizing codes. At this 
time RASO* and RASI* are low and CASU* and CASL* are inactive. 


4.5. RAM AND REGISTER ADDRESSING 


The device generates RAM addresses rom two sources, the processor 
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or from the device performing DMA cycles, selected by а 
multinlexer.This multiplexer allows the processor to access 
RAM when AS* and RAMEN* are both low. Ас this time, the device 
also multiplexes the processor address (Al-A18) onto the 

MA bus. The device places Al to A8 & А17 on the МАО to МАЭ 
outputs, respectively, during the row address time and places 

A9 to А16 & A18 on the MAO to MA9, respectively, during the 
column address time. The А19 line is used by the IC to determine 
which RAS line is ‘to be. asserted. If А19 is low, RASO* is enabled, 
and if high, RAS1* is enabled. Тһе device also senses the LDS* 
and UDS* inputs to determine which CAS to drop. If LDS* is low, 
the IC will drop CASL* and.if UDS* is low, CASU* is dropped. 


РЕ 


When the device needs to do а DMA cycle, the multiplexer disables 
the processor from accessing RAM by asserting the Data Bus Request 
Line (DBR*). At this time, the device multiplexes its generated 
RAM address onto the MA lines and will only make RASO* go low, 
unless іс із a refresh cycle where RAS1* will also go low. 

During a DMA cycle, the IC device will also assert both CASU* 

and CASL*, unless it is a refresh cycle where they both remain 
inactive. 


The device also generates RGA addresses from either the processor 
or device DMAs, each of which is selected by another internal 
multiplexer. This multiplexer allows the processor to perform 

a register read/write access when AS* and RGEN* are both low. 

The device then takes the low order byte of the processor 
address Al to A8 and reflects its value on the RGA output bus 
АСА1 to RGA8. The device will reflect the status of PRW input 
on the RRW output line, to indicate a memory read or write 
operation. 


During a device DMA cycle, the multiplexer prevents the processor 
from doing a register access by asserting the DBR* line. The device 
will then place the contents of its register address encoder onto the 
RGA bus. 


REGISTER DESCRIPTION 


This DMA controller device contains 97 registers that can be accessed after 
the following conditions have been met. The state of AS* and RGEN* must 
be an active low level and the least 8 significant address bits (Al 

thru A8) must contain the valid address of the register to be accessed. 
Refer to Table 2 for complete list of register addresses and type. 
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The following is a detailed description of the register set. 


REGISTER | : FUNCTION 
AUD x LCH : Audio channel x location (high 3 bits) 
AUD x LCL Audio channel x location (low 15 bits) 


This pair of registers contains. the 18 bit starting address (location) 
of Audio channel x (x-0,1,2,3) DMA data. This is not a pointer register 
and therefore only needs to be reloaded if a diferent memory location 
is to be outputted. Ч 


ВІТ х РТН Blitter pointer to x (high 3 bits) 
BLT x PTL Blitter pointer to x (low 15 bits) 


This pair of registers contains the 18 bit address of Blitter source 
(x=A,B,C) or dest. (x=D) DMA data. This pointer must be preloaded 
with the starting address of the data to be processed by the blitter. 
,After the Blitter is finished it will contain the last data address 
(plus increment and modulo). 
LINE DRAW: BLTAPTL is used as an accumulator register 

and must be preloaded with the starting value 

of (2Y-X) where У/Х is the line slope. 

BLTCPT and BLTDPT (both Н and L) must be 

preloaded with the starting address of the line. 


BLT x MOD - Blitter Modulox 


This register contains the Modulo for Blitter source (x=A,B,C) 
or Dest (x=D). A Modulo is a number that is automatically added 
to the address then points to the start of the next line. Each source 
or destination has its own Modulo, allowing each to be a different 
size, while an identical area of each is used in the Blitter operation. 
LINE DRAW: BLTAMOD and BLTBMOD are used as slope storage 
П 7 registers and must be preloaded with the values 

(4Y-4X) апа (4Y) respectively. Y/X=line slope 

BLTCMOD and BLTDMOD must both be preloaded 

with the width (in bytes) of the image into 

which the line is being drawn. (normally 2 times 

the screen width in words) 


BLTAFWM Blitter firstword mask for Source A 
BLTALWM Blitter last word mask for Source А. 


The patterns in these two registers are "anded" with the first and 
last words of each line of data from Source A into the Blitter. A 
zero in any bit overrides data from Source A. These registers should 
be set to all "ones" for:fill mode or for line drawing mode. 
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BLTxDAT | Blitter source x data register 


This register holds Source x (x=A,B,C) data for use by the Blitter. 
It is normally loaded by the Blitter DMA channel, however, it may 
also be preloaded by the microprocessor. 
LINE DRAW: BLTADAT is used as an index register and must 
be preloaded with 8000. 3 
BLTBDAT is used for texture... ТЕ must be preloaded 
with FF if no texture (solid line) is desired. 


BLTDDAT Ы ` “В11ксег destination data register 


This register holds the data resulting from each word of Blitter 
operation until it is sent to а RAM destination. This is a dummy 
address and cannot be read by the micro. The transfer is automatic 
during Blitter operation. 


BLTCONO Blitter control register 0 
BLTCONI А . Blitter control register 1 


These two control registers are. used together to control Blitter 
operations. There are 2 basic modes, area and line, which are 
selected by bit 0 of BLTCON1, as shown below. 

AREA MODE ("normal") i 9 Ы 


BIT# BLTCONO BLTCONL 
15 ASH3 - BSH3 

14 ASH2 BSH2 

13 АЅНІ BSHl 

12 ASAO BSHO 

11 USE, x 

10 USEB x 

09 USEC x 

08 USED X 

07 LF? x 

06 LF6 x 

05 LF5 x 

04 LF4 EFE 

03 LF3 IFE 

02 LF2 ЕСТ 

01 LFl DESC 

00 LFO LINE(=0). 


ASH3-0 Shift value of A source 
BSH3-0 Shift value of B source 


USEA Mode control bit to use Source A 
USEB Mode control bit to use Source B 
USEC Mode control bit to use Source C 
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USED Mode control bit to use Destination D 
LF7-0 Logic function minterm select lines 

EFE Exclusive fillenable 

IFE Inclusive fill enable 

ЕСТ Fill carry input 

DESC Descending (decreasing addis) control bit 
LINE Line mode control bit (set to 0) 


LINE DRAW: LINE MODE. (line draw) 


BIT# BLTCONO BLTCONI 


15 START3 0 
14 START2 0 
13 START1 0 
12 STARTO „ 0 
11 1 0 
10 0 0 
09 1 0 
08 1 0 
07 LF7 0 
06 LF6 SIGN 
05 LF5 OVF 
04 LF4 SUD 
03 ТЕЗ : SUL 
02 LF2 AUL 
01 ігі SING 
00 LFO LINE (=1) 


START3-0 Starting point of line (0 thru 15 hex) 
LF7-0 Logic function minterm select lines 
should be preloaded with 4A in order 


to select the equation .р= (АС+АВС). Since А 
contains a single bit truee (8000), most bits 
. will pass the C field unchanged (not A and C), 
but one bit will invert the C Field and 
combine it with texture (A and B and not C). 
The A bit is automatically moved across the 
word by the hardware. 


LINE Line mode control bit (set to 1) 
SIGN Sign flag 
.OVF Word overflow flag 
SING Single bit per horiz. line 
for use with subsequent Area Fill 
SUD Sometimes Up or Down (-AUD*) 
SUL Sometimes Up or Left 
AUL Always Up or Left 
The 3 bits above select the Octant for 
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ост SUD SUL AUL 
0 L 1 0 
1 0 0 1 
2 0 1 1 
3 1 Ет 1 
4 1 0 1 
3 0 1 0 
6 0 0 0 
1 ПА 0 0 
BLTSIZE Blitter start and size (Window, width 
height) 


This register contains the width and height of the blitter operation 
(in line mode width must-2, height = line length) Writing to this 
register will start the Blitter, and should be done last, after all 
pointers and control registers have been initialized. 
BIT# 15, 14, 13, 12, 11, 10, 09, 08, 07, 06, 05, 04, 03, 02, 01, 00 
h9 h8 h7 Һ6 h5 һа h3 h2 hl №0, w5 wá w3 w2 м1 м0 

h=Height=Vertical lines (10 bits=1024 lines max) 
w-Width =Horiz pixels (6 bits=64 words=1024 pixels пах) 
LINE DRAW: ВІ/Т512Е controls the line length and starts 

the line draw when written.to. The h field 

controls the line length (10 bits gives 

lines up to 1024 dots long). The w field 

must Бе set to 02 for all line drawing. 


BPLxPTH Bit plane x pointer (high 3 bits) 
BPLxPTL Bit plane x pointer (low 15 bits) 


This pair of registers contains the 18 bit pointer to the address 
of Bit plane x (x=1,2,3,4,5,6) DMA data. This pointer must be 
reinitialized by the processor or Copper to point to the beginning 
of Bit Plane data every vertical blank time. 


BPL1MOD Bit plane modulo (odd planes) 
BPL2MOD Bit plane modulo (even planes) 


These registers contain the Modulos for the odd and even bit planes. 
A Modulo is a number that is automatically added to the address 

at the end of each line, in order that the address then points to 

the start of the next line. Since they have separate modulos, the odd 
and even bit planes may have sizes that are different from each other, 
as well as different from the Display Window size. 


BPLCONO Bit plan control register 
(miscellaneous control bits) 


This register controls the operation of the Bit Planes and various 
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BIT# BPLCONO 
15 HIRES 
14 BPU2 
13 BPUl 
12 BPUO 
21 HOMOD 
10 DBLPF 
09 COLOR 
08 GAUD 
07 x 

06 x 

05 X 

04 Ж 

03 LPEN 
02 ` LACE 
01 ERSY 
00 x 


HIRES-High resolution (640) mode 

BPU =Bit-plane use code 000-110 (NONE through 6 inclusive) 

HOMOD=Hold and Modify mode 

DBLPF=Double playfield (PFl=odd РЕ2=еуеп bit planes) 

COLOR=Composite video COLOR enable 

GAUD=Genlock audio enable (mixed on BKGND pin during 

vertical blanking 

LPEN=Light pen enable (reset on power up) 

LACE=Interlace enable (reset on power up) 

ERSY=External Resync (HSYNC, VSYNC pads become inputs) 
(reset on power up) 


COPCON Copper control register 
This is а 1 bit register that when set true, allows the 


Copper to access the Blitter hardware. This bit is cleared 
by power on reset, so that the Copper cannot access the Blitter 


hardware. A 
BIT# NAME FUNCTION 
01 CDANG . Copper danger mode. Allows Copper 
accéss to Blitter if true. 
COPJMPl Copper restart at first location 
COPJMP2 Copper restart at second location 


These addresses are.strobe addresses, that when written to 
cause the Copper to jump indirect using the address contained 
in the First or Second Location registers described below. 
The Copper itself can write to these addresses, causing its 

р own jump indirect. А 

-——————— ————————————————————————à | 
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СОР11СН Copper first location register (high 3 bits) 


COP1LCL Copper first location register (low 15 bits) 
COP2LCH Copper: second location register (high 3 bits) 
COP2LCL И Copper second location register (low 15 bits) 
7 COPINS Copper instruction fetch identify 


This is a dummy address that is generated by the Copper whenever it 
is loading instructions into its own instruction register. This 
actually occurs every Copper cycle except for the second (IR2) cycle of 
the MOVE instruction. The Three types of instructions are shown below. 
MOVE Move immediate to dest 
WAIT Wait until beam counter is equal to, or greater than. 
(keeps Copper off of bus until beam position has 
і been reached) М 
5КІР Skip if beam counter із equal to, or greater than. 
(skips following MOVE inst. unless beam position 
has been reached) 


MOVE . WAIT UNTIL SKIP IF 
BIT# IRL 182 ік IR2 181  IR2 
15 X А015 УР? BFD * vP7 BFD * 
14 х 014 ҮР6  VE6 VPÓ | VE6 
13 X — RD13 УР5 УЕ5 ҮР5 | VES 
12 х 8012 МР5 VE4 УР4 VE4 
11 X ки VP3  .VE3 VP3 УЕЗ 
10 X — RD10 үр2 VE2: VP2 — VE2 
09 X 009 vel VEl VPL | УЕ 
08 DA8 8008 УРО VEO VPO VEO 
07 DA7  RD07 НР8 HE8 HPS HES 
06 DA6 8006 HP7 HE7 ЕР? НЕ? 
05 DA5 005 HPÓ HE6 HPÓ HE6 
04 DA4 8004 HPS HES НР5 НЕ5 
03 ТАЗ 8003 HP4 НЕД HPÁ НЕ4 
02 DA2  RD02 HP3 HE3 HP3 НЕЗ 
01 2А1 8001 ҢР2 HE2 HP2 НЕ2 
00 0 ш00 AU 1 7 1 1 


IRl=First instruction register 

IR2=Second instruction register 

DA =Destination Address for MOVE instruction. Fetched during 181 
time, used during IR2 time on RGA bus. 

RD -RAM data moved by MOVE instruction at IR2 time directly from 
RAM to the address given by the DA field. 

VP =Vertical Beam Position comparison bit 

HP =Horizontal Beam Position comparison bit 

VE -Enable comparison (mask bit) 

_ HE =Enable comparison (mask bit) 
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*NOTE BFD=Blitter finished disable. When this bit is true, the 
Blitter Finished flag will have no effect on the Copper. 
When this bit is zero the Blitter Finished flag must be 
true (in addition to the rest of the bit comparisons) 
before the Copper can exit from its wait state, or skip 
over an instruction. Note that the V7 comparison 
cannot be masked. 


The Copper is basically a 2 cycle machine that requests the bus only 
during odd memory cycles. (4-memory cycles per in) This prevents 
collisions with Display, Audio; Disk, Refresh, and Sprites, all of 
which use only even cycles. It therefore needs (and has) priority 
over only the Blitter and Micro. 


There are only three types of instructions: MOVE immediate, WAIT 
until, and SKIP if. All instructions (except for WAIT) require 2 
bus cycles (and two instruction words). ‘Since only the odd bus 
cycles are requested, 4 memory cycle times are required per 
instruction. (memory cycles are 280 ns) 


There are two indirect jump. registers COPILC and COP2LC. These 

are 18 bit pointer registers whose contents are used to modify the 
program counter for initialization or jumps. They are transferred 

to the program counter whenever strobe addresses COPJMPl or COPJMP2 
are written. Іп addition COPILC is automatically used at the beginning 
of each vertical blank time. 


It is important that one of the jump registers.be initialized and 
its jump strobe address hit, after power up but before Copper DMA 
is initialized. This insures a determined startup address and state. 


DIWSTRT Display window start (upper left 
vertical-horizontal positon) 
DIWSTOP Display window stop (lower right 


vertical-horizontal position) 


These registers control the Display window size and position, by 
locating the upper left and lower right corners. 

BIT# 15,14,13,12,11,10,09,08,07,06,05,04,03,02,01,00 

USE V7 V6 V5 V4 V3 V2 Vl VO Н7:Н6 HS H4 НЗ H2 Hl HO 

DIWSTRT is vertically restricted to'the upper 2/3 of the display 
(V8=0), and horizontally restricted to the left 3/4 of the 
display (Н8=0). 

DIWSTOP is vertically restricted to the lower 1/2 of the display 
(V8=/=V7), and horizontally restricted to the right 1/4 of the 
display (Н8=1). 


DDFSTRT Display data fetch start (horiz.position) 
DDFSTOP Display data fetch stop (horiz.position) 


These registers control the horizontal timing of the beginning and 
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end of the Bit Plane DMA-display data fetch. Тһе vertical Bit Plan 
DMA timing is identical to the Display windows described above. 
The Bit Plan Modulos are dependent on the Bit Plane horizontal size, 
and on this data fetch window size. 

Register bit assignment ` - 


BIT# 15,14,13,12,11,10,09,08,07,06,05,04,03,02,01,00 
USE X X X X X X X X HB H7 H6 H5 H4 H3 X X 
(X bits should always be driven with 0 to maintain 
upward compatibility) 
The tables below show the start and stop timing for different 


register contents. 
DDFSTRT(Left edge of display data fetch) 


PURPOSE H8,H7,H6,H5,H4 
Extra wide (max) * 0 0 1.0.1 
wide о 05.2 0 
normal Ор 4 x 
narrow 01000 


DDFSTOP (Right edge of display data fetch) 


PURPOSE H8,H7,H6,H5,H4 

narrow 2 1,0.0 1 

normal % L OL 0 

wide (max) а. бл 1 
DMACON DMA control write (clear or set) 
DMACONR DMA control (and Blitter status) read 


This register controls all of the DMA channels, and contains Blitter 
DMA status bits. 


BIT# FUNCTION DESCRIPTION 

15 SET/CLR Set/Clear control bit. Determines if bits 
a written with a l get set or cleared. 

14 BBUSY Blitter busy status bit (read only) 

13 BZERO Blitter logic zero status bit. (read only) 

12 X | 

11 x 

10 BLTPRI Blitter DMA priority (over CPU micro) 


(also called "Blitter Nasty") 
(disables./BLS pin, preventing micro 

from stealing any bus cycles while blitter 
DMA is running) 


09 DMAEN Enable all DMA below 
08 DPLEN Bit Plane. DMA enable. 
07 COPEN Copper DMA enable 
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06 BLTEN Blitter DMA enable 


05 SPREN Sprite DMA enable 

04 DSKEN Disk DMA enable 

03 AUD3EN Audio channel 3 DMA enable 

02 AUD2EN Audio channel 2 DMA enable 

01 AUDLEN Audio channel 1: DMA enable 

00 AUDOEN Audio channel 0 DMA enable 
DSKPTH Disk pointer (high 3 bits) 
DSKPTL Disk pointer (low 15 bits) 


This pair of registers contains the 18 bit address of Disk DMA 
data. These address registers must be initialized by the processor 
or Copper before disk DMA is enabled. 


REFPTR Refresh pointer 


This register is used as a Dynamic RAM refresh address generator. 
It is writeable for test purposes only, and should never be written 
by the microprocessor. 


SPRxPTH Sprite x pointer (high 3 bits) 
SPRxPTL Sprite x pointer (low 15 bits) 


This pair of registers contains the 18 bit address of Sprite x 
(х=0,1,2,3,4,5,6,7) ОМА data. These address registers must be 
initialized by the processor or Copper every vertical blank time. 


SPRxPOS Sprite x vertical-horizontal 
position ‘data 
SPRxCTL Sprite x vertical-horizontal 


These 2 registers work together as position, size and feature 

Sprite control registers. Тһеу-аге usually loaded by the Sprite 

DMA channel, during horizontal blank, however they may be loaded 

by either processor any time. 

SPRxPOS register: М 

BIT# SYM FUNCTION 

15-08 SV7-SVO Start vertical value. High bit (SV8) is 
in SPRxCTL reg below. 

07-00 SH8-SHl Start horizontal value. Low bit (SHO) is 
“іп SPRxCTL. reg. below. 


SPRxCTL register (writing this address dissables sprite 
horizontal comparator circuit): 
BIT# SYM FUNCTION 


value.low 8 bits 


15-08 EV7-EVO End (stop) ver 


07 ATT ^C Sprite attach control bit (odd sprites) 
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96-04 X Not used i 
02 Sv8 Start vert.. value high bit 
01 EV8 End (stop) verc. value high bit 
00 SHO Start horiz. value Low bit 
VPOSR Read vertical most significant bit 
(and frame flop) 
VPOSW А Write-vertical most significant bit 


(and frame flop) 


BIT# 15,14,13,12,11,10,09,08,07,06,05,04,03,02,01,00 
USE 10Ғ----------------------------------------- v8 
LOF=Long frame (auto toggle control bit in BPLCONO) 


VHPOSR Read vertical and horizontal 
position of beam or lightpen 


VHPOSW Write.vertical and horizontal 
position of beam or lightpen 


BIT# 15,14,13,12,11,10,09,08,07,06,05,04,03,02,01,00 
USE V7 V6 V5 V4 V3 V2 Vi VO,H8 H7 H6 H5 НА НЗ H2 НІ 
RESOLUTION=1/160 OF SCREEN WIDTH (280 NS) 
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TABLE 2 - REGISTER ADDRESSES 


NAME* ADDRESS** 
АВ thru AO 

BLTDDAT &*000 
DMACONR *002 
VPOSR *004 
VHPOSR *006 
DSKPTH 4020. 
DSKPTL +8022 
REFPTR &*028 
: VPOSW *02A 
VHPOSW *02C 
* COPCON *02E 
STREOU 5*038 
STRVBL &*03A 
STRHOR &*03C 
STRLONG &*03E 
BLTCONO -040 
BLTCONL -042 
BLTAFWM -044 
BLTALWM -046 
BLTCPTH 4-048 
BLTCPTL +-04А 
BLTBPTH +046 
BLTBPTL ` +-04Е 
BLTAPTH +-050 
BLTAPTL 4-052 
BLTDPTH +-054 
BLTDPTL +-056 
BLTSIZE -058 
BLTCMOD' -060 
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DESCRIPTION 


Blitter destination (dummy address) 


DMA control (and Blitter status) 
Read Vertical - М5В 

Read Vertical and horizontal 
Position of beam. 

Disk pointer (High (3) bits) 
Disk pointer (Low 15 bits) 
Refresh pointer. 

Write Vertical MSB 

Write Vertical and horizontal 
Position of beam 

Co-processor control register 
Strobe for horizontal sync. 
with VB and EQU 

Strobe for horizontal sync. 
with VB 

Strobe for horizontal sync. 
Strobe for identification 

of long horizontal line 
Blitter control register 0 
Blitter 

Blitter first word mask for 
Source А 

Blitter last word mask for 
source А 

Blitter pointer to source C 
(High 3 bits) 

Blitter pointer to source C 
(Low 15 bits) 

Blitter pointer to source B 
(High 3 bits) 

Blitter pointer to source B 
(Low 15 bits) 

Blitter pointer to source А 
(High 3 bits) 

Blitter pointer to source А 
(low 15 bits) 

Blitter pointer to destination D 
(High 3 bits) 

Blitter pointer to destination D 
(Low 15 bits) 

Blitter start and size (window, 
width and height) 

Blitter modulo for source C 
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TABLE 2 -REGISTER ADDRESSES (cont'd) (2) 


BLTBMOD -062 W Blitter modulo for source B 
BLTAMOD -064 W Blitter modulo for source A 
BLTDMOD . -066 W Blitter modulo for destination D 
BLTCDAT &-070 W Blitter source C data register 
BLTBDAT &-072 и. Blitter source В даса register 
BLTADAT &-074 м Blitter source А data register 
COP1LCH +080 W Co-processor first location register 
. (High 3 bits) 
COP1LCL +082 W Co-processor first location register 
(Low 15 bits) 
COP2LCH +084 W Co-processor second location register 
(High 3 bits) 
COP2LCL +086 W. Co-processor second location 
5 register (Low 15 bits) 
COPJMP1 088 5 Co-processor restart at first 
А location 
"COPJMP2 08A а 5 Co-processor restart ас second 
47 location 
COPINS osc ^ W Co-processor instruction fetch 
- identify 
DIWSTRT И 08Е x ч Display window start (upper vertical 
-horizontal position) 
DIWSTOP 090 W Display window stop (lower right 
vertical-horizontal position) 
DDFSTRT 092 W Display bit plane data fetch 
start (horizontal position) 
DDFSTOP 094 м Display bit plane data fetch 
stop (horizontal position) 
DMACON 096 М DMA control write (clear or set) 
INTENA 09А W Interrupt Enable bits (clear or set 
| bits) 
INTREQ -096 Я Interrupt Request bits (clear or 
set bits) 
AUDOLCH +0A0 W Audio channel 0 location (High 
3 bits) | 
AUDOLCL +0A2 W Audio channel 0 location (Low 15 bits 
AUDILCH +080 W Audio channel 1 location (High 3 bits 
AUDILCL +082 W Audio channel 1 location (Low 15 bits 
AUD2LCH +0C0 Я Audio channel 2 location (High 3 bits 
AUD2LCL +0C2 W Audio channel 2 location (Low 15 bits 
AUD3LCH +0D0 W Audio channel 3 location (High 3 bits 
AUD3LCL +002 Я Audio channel 3 location (Low 15 bits 
BLIPTH +0E0 W Bit plane 1 pointer (High 3 bits) 
BL1PTL +0E2 м Bit plane 1 pointer (Low 15 bits) 
2 BPL2PTH +0E4 W bit plane 2 pointer (High 3 bits) 
BPL2PTL +0Е6 W, Bit plane 2 pointer (Low 15 bits) 
. BPL3PTH +0E8 W Bit plane 3 pointer (High 3 bits) 
BPL3PTL +0EA W Bit plane 3 pointer (Low 15 bits) 
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BPL4PTH 
BPL4PTL 
BPL5PTH 
BPLSPTL 
BPL6PTH 
BPL6PTL 
BPLCONO 


BPL1MOD 
BPL2MOD 
SPROPTH 
SPROPTL 
SPRIPTH 
SPRIPTL 
SPR2PTH 
SPR2PTH 
SPR3PTH 
SPR3PTL 
SPR4PTH 
SPR4PTL 
5РА5РТН 


. SPRSPTL 


5РА6РТН 
SPR6PTL 
SPR7PTH 
SPR7PTL 
SPROPOS 
SPROCTL 
SPRlPOS 
ЅРКІСТІ 
SPR2POS 


SPR2CTL 


SPR3POS. 


SPR3CTL 
SPRAPOS 
SPR4CTL 


SPR5POS 


TABLE 2 - REGISTER ADDRESSES (cont'd) (3) 
+0EC W- Bit plane 4 pointer (High 3 bits) 
+0EE W Bit plane 4 pointer (Low 15 bits) 
. +0Е0 W Bit plane 5 pointer (High 3 bits) 
+0F2 W Bit plane 5 pointer (Low 15 bits) 
+0F4 W Bit plane 6 pointer (High 3 bits) 
+0F6 W Bit plane 6 pointer (Low 15 bits) 
100 W Bit plane control register 
(miscellaneous control bits) 
108 W. Bit plane modulo (Odd planes) 
10A W Bit plane modulo (Even planes) 
+120 W Sprite 0 pointer (High 3 bits) 
+122 W Sprite 0 pointer (Low 15 bits) 
+124 W Sprite 1 pointer (High 3 bits) 
+126 м Sprite 1 pointer (Low 15 bits) 
+128 W Sprite 2 pointer (High 3 bits) 
+12А W Sprite 2 pointer (Low 15 bits) 
+12C W Sprite 3 pointer (High 3 bits) 
+12E W Sprite 3 pointer (Low 15 bits) 
+130 и Sprite 4 pointer (High 3 bits) 
+132 W Sprite 4 pointer (Low 15 bits) 
+134 W Sprite 5 pointer (High 3 bits) 
+136 W Sprite 5 pointer (Low 15 bits) 
+138 W Sprite 6.pointer (High 3 bits) 
+13A W Spirte 6 pointer (Low 15 bits) 
+1зс W Sprite 7 pointer (High 3 bits) 
+1ЗЕ W Sprite 7 pointer (Low 15 bits) 
#140 W Sprite 0 vertical-horizontal 
start position data 
2142 W Sprite 0 vertical stop position 
and control data. 
2148 W Sprite 1 vertical-horizontal start 
position data 
214А “W Sprite 1 vertical stop position 
and control data. 
2150 W Sprite 2 vertical-horizontal start 
position data 
2152 W Sprite 2 vertical stop position and: 
control data. 
#158 W Sprite 3 vertical-horizontal start 
position data. 
215А. W Sprite 3 vertical stop position and 
А control data. 
2160 W Sprite 4 vertical-horizontal start 
position data. 
2160 W Sprite 4 vertical stop position and 
control data. 
2168 W Sprite 5 vertical-horizontal start 


commodore 


position data. 
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TABLE 2 - REGISTER ADDRESSES (CONT'D) (4) 
SPR5CTL 216A UE Sprite 5 vertical stop position 
.. and control data. 

SPR6POS 2170 W Я Sprite 6 vertical-horizontal start 
position data. 

SPR6CTL. 2172 М Sprite 6 vertical stop position 
and control data. 

SPR7POS 2178 UN. Sprite 7 vertical-horizontal start 
position data. 

SPR7CTL 217А Ж 2 Sprite 7 vertical stop position 


and control data. 


* PTL and PTH - 18 bit pointer that addresses DMA data must be reloaded by a 
processor before use. (Vertical blank for Bit Plane and 
Sprite pointers and prior to starting the Blitter for 
Blitter pointers.) 

LCL and LCH -- 18 bit location (starting address) of DMA data. Used to 
automatically restart pointers, such as the co-processor 
program counter (during vertical blank) and the Audio sampler 
counter (whenever the audio length count is finished. 


MOD 4 - 15 bit modulo. А number that is automatically added to the memory 
address at the end of each line to generate the address for 
for the beginning of the next line. This allows the Blitter 
(or the Display Window) to operate on (or display) a window 
of data that is smaller than the actual picture in memory 
(memory map). Uses 15 bits plus sign extended. 


хх & Register used by DMA channel only 
2 Register used mostly by DMA channel and processor sometimes. 
+ Address register pair. Low word uses 081-0815. High word 


uses 080-082. 
* Address not writeable by co-processor. 


- Address not writeable by co-processor, unless СОРОМ is 
set true. 


= Write 
Read 
Strobe 
Early Read 


ik 


muuz 
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APPENDIX А 


DMA TIME SLOT ALLOCATION 7 HORIZONTAL LINE 


(ә) Slots ауайавіе for Blitter, Copper, and 68000 
о (2) 10 
| ANN 
2 N солее 
SN N eiow 
: 7 N М 
| | | 
ид -= : 
Memory Refresh Ы {2 И 


а. These operations only take slots if the associated 
operation is being performed, 
NOTE: Copper Data Move instructions require four (4) 
slots. 
Copper Wait instructions require six (6) slots. 
b. This cycle О appears to exclude one of the memory 
refresh cycles. This is not the case. 


Actual system hardware demands certain specific values 
for data fetch start and display start. Therefore this 
timing chart has been adjusted to match those requirements. 


4 ШЕ IC, N-CHANNEL-HMOS _ 
Cx - On DMA CONTROLLE 
sA CO О а Ore *® | уссат ое 
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APPENDIX 


DMA Time Slot 


Y 
в 


“A (CONT'D) 


Allocatton / Hortzontal 


Цле (cont.) 


Eardware stop installed bere. pDatafetch cannot 
von any sooner than cycle 18. This allows the 
user to wipe out most of the sprites if desired 

(by defining zn extra-vide display) tut leaves 

the audio and D 


А untouched. 


20 


(continues 
below) 


SN 
\ 


Sprite OMAX 
(2 words/channel) 


* These operations only take slots if 
the associated operation is being perf 


rmed. 


28 


30 38 


(continues 
on next 
page) 


Some sprites are unusable if the display 
starts early due to an extra word(s) 
associated with a wide disnlay and/or 


horizontal scrolling. In this case, the 


bit-plane DMA steals the cycles normally 


allocated to the sprites, 


as shown above. 
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APPENDIX А (CONT'D) 


/ Hoxizontellins (cont'd) 


Data fetch start can only be specifled 
at even multiples of 8 clocks. This is 
the clock position which should be 

specified for tha norme) width display. 
(20 word fetcn for 320 pixel 40 word 


Five ciccks must occur before the data 

which wes fetcitcd for a particular position 
cen eppear onscreen. For exemple, If cata 
fetch start is specified оз 58, It will not be 
амаас for displey until clock numbor 45. 


г < Date fetch done 
38 | 40 оғ cycle 38 48 
[= -ТЕҢ- 21 r 
| | I 
| ЕЕ ЕВЕ 
LT I I LT 
H БН | Hd 
D I T (елип 
[ nim belon 
t I Т 1 гн ri 
É = і 
EH i Emi EE : 
= 
=k 1 i 2 3 
Г] 
Г] 320 mode Bii-Plone OMA, by piane 
HHH .640 mode Bli-Plone OMA, by plane 
48 50 5в 
3 4 


Могто! Нез. 
CYCLES 
5-18 some 
as cycle 4 


High Res. 


CYCLES 
8-37 some 
as cycle 7 
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APPENDIX A (CONT'D) 


ОМА, Time Slot Allocation / Horizental line (cont'd) 


A hardware Cata-fetcn stop has peer Installed 
at count OS so G5 Їб prevent tha bit-plons 


¢gta-fatch from oveiTuming the tima alloted 
for the memory refresh ог disk СМА. 


Do 35 вв. м p 
H Т H | пп EH 
da: | гы 
Е- LLLI 1 TT Н IITIT 
L А | ГІ End of 
H 5 H Tt T Б- um И 
H $i. E = 78 t I Line ata 
БЫ ЕНЕ + i 2; : i: d E Fetch Cycle 
H H НЕН Hinr г 
ЕЕ H HHHH | f t ЕЕН 
HHH H Hn ^ um БЕН H 
38 зә 40 
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APPROVED VENDORS LIST 


This page must be detached from the remainder of the drawing whenever 


this drawing is shown or transmitted to vendors. 


COMMODORE PART NUMBER VENDOR NAME VENDOR PART NUMBER 
318071-01 MOS А 837181 
318071-01 MOS 8371R2 
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